Background: To identify potential avenues for quality improvement, we compared the variations in clinical practice and their association with perioperative morbidity and mortality following radical cystectomy (RC) for bladder cancer in the United States (US) and Japan. Methods: We reviewed our retrospectively collected database of 2240 patients who underwent RC for bladder cancer at the University of Michigan (n = 1427) and in 21 Japanese institutions (n = 813) between 1997 and 2014. We performed a systematic comparison of clinical and perioperative factors and assessed predictors of perioperative morbidity and mortality. Death within 90 days of surgery was the primary outcome. Results: There were apparent differences between the two study populations. Notably, US patients had a significantly greater BMI and higher ASA score. In Japanese institutions, median postoperative hospital stay was significantly higher (40 days vs. 7 days, p < 0.001) and 90-day readmission rates were significantly lower (0.6% vs. 26.8%, p < 0.001). There was a total of 1372/2240 (61.2%) patients with complications within 90 days and 66/2240 (2.9%) patient deaths. Significant predictors of 90-day mortality were older age (OR 1.04, CI 1.01-1.07), higher body mass index (OR 1.07, CI 1.02-1.12), node-positive disease (OR 3.14, CI 1.78-5.47), increased blood loss (OR 1.02, CI 1.01-1.03), and major (Clavien-grade 3 or greater) complication (OR 3.29,). Conclusion: Despite major differences in baseline characteristics and care of cystectomy patients between the two study populations, peri-operative mortality rates proved to be comparable. This data supports an exploration of non-traditional factors that may influence mortality after cystectomy.
INTRODUCTION
Radical cystectomy (RC) is associated with high perioperative morbidity and mortality, ranging from 50-80% and 2-8%, respectively [1, 2] . Despite improvements in surgical techniques and advancements in anesthesia, these substantial perioperative risks are challenging in every country where the procedure is performed [3, 4] . While there have been numerous proposed approaches to improving perioperative care surrounding RC coming from multiple countries [5, 6] , few studies have explored the diversity in clinical practice between countries to gain additional insights.
The United States (US) and Japan are two countries known to have broadly disparate practice patterns in managing patients undergoing RC. For example, data from The Organization for Economic Co-operation and Development (OECD) show that the US has the shortest hospital stay among OECD countries, whereas Japan has the longest [7] . Furthermore, charges for RC are three times higher in the US compared to Japan [8] . Although these differences are likely primarily driven by larger scale differences in healthcare systems, they provide a background for potential quality improvement in both countries.
The aim of the present study was to identify the key differences in clinical practice patterns for patients undergoing RC at a US institution compared to several Japanese institutions and to determine whether any can be linked to reduced perioperative morbidity and mortality.
MATERIALS AND METHODS

Patients
We performed a retrospective review of patients with bladder cancer who underwent RC, pelvic lymphadenectomy and urinary diversion at the University of Michigan Hospital System and 21 Japanese institutions, consisting of Hokkaido University Hospital and 20 affiliated institutions. In these 20 affiliated hospitals, all surgeries were performed under the supervision of Japanese Board Certified Urologists. Institutional review board approval was obtained and all analyses were performed using de-identified data. We identified 1450 consecutive patients who underwent RC without simultaneous nephroureterectomy at the US institution from January 1997 through April 2014 and 834 consecutive patients who underwent RC without simultaneous nephroureterectomy at the Japanese institutions from May 1997 through April 2010. Twenty-three patients (1.6%) from the US institution and twenty-one patients (2.5%) from the Japanese institutions were excluded because of incomplete data. In total, 1427 patients from the US institution and 813 patients from the Japanese institutions were considered for the final analyses. Ninety day follow-up was available for all patients.
The postoperative care at the US institution and Japanese institutions was performed as previously described and in accordance with institutional care pathways [1, 9] . This generally included perioperative subcutaneous low-molecular-weight heparin at the US institution from the time of surgery to hospital discharge, while prophylactic anticoagulation was not given at any of the Japanese institutions. Additionally, while urinary diversions in both countries included ileal conduits and continent diversions, some patients in Japan underwent cutaneous ureterostomy. This was generally reserved for older patients with a short life expectancy, patients with severe comorbidity, and/or those, with a low performance status. The extent of lymph node dissection was individually determined by each surgeon at all institutions included in this study.
Patient information, including age, sex, body mass index (BMI), American Society of Anesthesiologists (ASA) score, prior comorbidity (cerebrovascular comorbidity, pulmonary comorbidity, history of diabetes, history of hypertension, history of coronary artery disease), administration of neoadjuvant chemotherapy, pathological stage, urinary diversion type, estimated blood loss (EBL), and postoperative hospital stay were all recorded from patient charts. Pathologic staging was reported according to the current AJCC staging system (7th edition). The primary endpoint was death within 90 days of surgery, and complications within 90 days were assessed as a secondary endpoint. Each complication was graded in accordance with the modified Clavien-Dindo classification system and grouped into 11 categories as reported by Shabsigh et al. [10] . In cases of multiple complications, each one was individually counted when analyzing categories of complications.
Statistical analysis
For analysis of the primary and secondary endpoints, univariable and multivariable logistic regression using stepwise bidirectional variable selection were performed in order to assess how patient factors and practice patterns were associated with 90-day major morbidity (Clavien grade 3 or greater) and mortality. For the stopping rule, a p-value threshold of 0.20 was used, indicating that effects were entered into or removed from the model during a mixed step at p values below or above 0.20, respectively. Odds ratios are presented with the 95% CI. Medians and interquartile ranges (IQRs) were generated for continuously coded variables; frequencies and proportions were generated for categorical variables. The Mann-Whitney and Pearson's χ2-test were used to assess differences in medians and proportions, respectively. Statistical analysis was performed using JMP ® software (SAS Institute, Cary, NC).
RESULTS
Patient characteristics
The characteristics of the 2240 patients are listed in Table 1 . Of these patients, 1733 (77.4%) were male and 507 (22.6%) female, and the male to female ratio was similar between the two groups. The median (IQR) age was 68 (60-75) years and the median (IQR) BMI was 26.0 (22.9-29.7) kg/m 2 . There were a number of differences in baseline characteristics between the two groups, as the US cohort tended to be younger, have a greater BMI, and a higher ASA score, while the Japanese cohort tended to have more recorded comorbidities. Additionally, patients in the US more commonly received neoadjuvant chemotherapy (32.0% to 3.4%, p < 0.001) and underwent a robotic operative approach, whereas patients in Japan more commonly had T2 or greater disease at cystectomy (66.8% vs. 49.2%, p < 0.001). Ileal conduits represented about 60% of all diversion in both groups, while cutaneous ureterostomy was not performed at the US institution.
Within 90 days from cystectomy, there were 1372 patients (61.2%) experiencing any complication, 410 (18.4%) with major complications. There were 388 patients (17.3%) requiring readmission and 66 (2.9%) deaths within 90 days. The median (IQR) postoperative hospital stay was 7 (6-10) days in the US and 40 (30-55) days in Japan (p < 0.001), and 90-day readmission rates were significantly lower in Japan (0.6% vs. 26.8%, p < 0.001). In terms of surgical volume, the median (IQR) number of annual cystectomies per institution was 119 (103-177) in the US and 4 (3) (4) (5) (6) in Japan (p < 0.001). Differences in clinical practice patterns between the US and JP are summarized in supplementary Table 1 .
Perioperative morbidity
The unadjusted complication rates were higher in Japan for total complications (70.0% vs. 56.1%, p < 0.001) and major complications (23.4% vs. 15.6%, p < 0.001). Table 2 shows a summary of complication types and categories between the two groups. Across all patients, the most frequent morbidities were gastrointestinal (29.3%), infectious (24.0%), wound-related (14.4%), and genitourinary (12.3%). The most common major morbidities were genitourinary (24.7%), gastrointestinal (19.3%), infectious (18.1%), and wound-related (17.3%). All morbidities and major morbidities between the two groups were calculated and illustrated as a pie chart ( Fig. 1a and 1b ).
There were a number of differences in complication types between institutions. For complications of any grade, patients in the US more commonly had post-operative bleeding (3. Table 2 ).
Predictors of 90-d mortality
There were a total of 49 deaths within 90 days in the US cohort (3.4%) compared with 17 in the Japanese cohort (2.1%, p = 0.071). Table 3 gives the unadjusted and multivariable logistic regression analyses predicting 90-day mortality in this cohort. After stepwise modeling, age (OR 1.04 per year, 95% CI 1.01-1.07, p = 0.011), BMI (OR 1.07 per each kg/m 2 , 95% CI 1.02-1.12, p = 0.004), pathologic nodal stage (OR 3.14, 95% CI 1.78-5.47, p < 0.001), EBL (OR 1.02 per 100 ml, 95% CI 1.01-1.03, p = 0.006) and the occurrence of a major complication (OR 3.29, 95% CI 1.88-5.71, p < 0.001) were independent predictors of 90-day mortality. There was no significant difference in mortality rates between the US and Japanese Table 4 ), the significant variables remained the same in the multivariable analyses. In addition, we analyzed the differences in mortality rates among Japanese institutions. We categorized patients as having undergone surgery at high or low volume hospitals, using the median hospital cystec- tomy volume as the cut-point (4 cases). Although there was an apparent lower mortality rate in higher volume facilities (3.1% vs. 1.8%), the difference was not significant (p = 0.31).
Predictors of 90-d major (grade 3-5) morbidity
Next, we examined factors associated with major perioperative complications in this patient population. The results of the univariable and multivariable logistic regression analyses are given in Table 4 
DISCUSSION
Given the complex nature of caring for patients who undergo RC, the present study sought to capitalize on the wide variation in care between a US institution and several Japanese institutions in order to determine whether differences in clinical practices may lead to differences in 90-day morbidity and mortality. While substantial differences in patient characteristics and perioperative management were identified, the primary outcome of 90-day mortality proved to be comparable between two countries. To the best of our knowledge, this is the first study comparing the perioperative characteristics and outcomes between institutions in the US and Japan following RC for bladder cancer.
There were a number of fundamental differences in the approach to patients undergoing RC that were identified in this study. Most notably, there were large discrepancies in the length of hospital stay, with a median length of hospital stay of 7 days in the US compared to 40 days in Japan. The question of whether a much longer hospital stay may be protective against perioperative morbidity and mortality has generally remained unanswered and is particularly relevant as enhanced recovery after surgery protocols are being rapidly implemented in the US and Europe in order to expedite post-operative recovery [5] . Conversely, it is the custom in Japan that patients remain in the hospital until all catheters and drains have been removed, as has been observed elsewhere [11] . While this practice in Japan may be driven by both patients and providers as well as by the nature of the health care systems, the substantially longer hospital stay after RC did not appear to provide any benefit in terms of reducing complications or deaths following surgery. However, patients in the Japanese cohort were significantly less likely to require readmission. This is particularly relevant as cystectomy has one of the highest readmission rates of any major surgery, indicating perhaps that longer hospital-based or equivalent outpatient care may be warranted in the US in order to avoid readmission and its burden on patients and health systems [12] .
We also found that the use of neoadjuvant chemotherapy was significantly higher in the US compared to Japan (32.0% and 3.4%, respectively) and may be reflected in the higher rate of pT2 disease at cystectomy in the Japanese cohort (49.2% vs. 66.8%). The pT0 rate was also significantly higher in the US compared to Japan (17.2% and 9.0%, respectively). Although the infrequent administration of neoadjuvant chemotherapy at Japanese institutions is comparable to many published series [13, 14] , this finding raises important concerns regarding the underutilization of neoadjuvant chemotherapy. While there have previously been concerns that neoadjuvant chemotherapy could increase the risk of perioperative complications [15] , we found no such correlation in this study. The results of the present study suggest that increasing the administration of neoadjuvant chemotherapy in Japan, and potentially at the US institution as well, may be a key opportunity for quality improvement.
There were also notable differences in baseline characteristics between the two study populations that are worthy of mention. Patients in the US tended to have a greater BMI (median 28.1 kg/m 2 compared to 23 kg/m 2 ) and higher ASA score (51.2% categorized as ASA I or II in the US compared to 92.7% in Japan). This could reflect differences in the general health of the populations and/or selection of candidates for RC. The US population is known to have the highest BMI of high-income countries [16] , and mean BMI in the USA (28.5 kg/m 2 for male and 28.3 kg/m 2 for female) is substantially higher than that in Japan (23.5 kg/m 2 for male and 21.9 kg/m 2 for female).
Despite these significant differences, the 90-day mortality rates between cohorts were similar and compatible with previous reports [1, 2] . As anticipated, age, nodal metastasis, EBL, and the occurrence of a major complication were all associated with 90-day mortality in this unique patient set [14, 17, 18] . Interestingly, we also found BMI to be an important predictor of 90-day mortality. While some institutes previously reported an association between BMI and morbidity (both low and high grade) after RC [3, 15] , no direct association with perioperative mortality was reported. Additionally, very low BMI is also a strong predictor of 90-day mortality [19] .
While there were some observed differences in the overall rate of post-operative complications in the two cohorts, perhaps the most salient findings from this study arise from a comparison of the types of complications that occurred. For example, clostridium difficile infections were far more common in the US, while Japanese institutions had a considerably larger number of patients who suffered from high grade ileus. The latter may be explained by the relatively common placement of a transnasal ileus tube extending into the distal small bowel, performed under radiologic guidance in patients with moderate to severe nausea/emesis or abdominal distention [20] . Additionally, the higher EBL and rate of major com-plications in the Japanese cohort could directly affect the postoperative ileus rates, as previously reported [21] .
In assessing predictors of 90-day major complications, we identified obesity (BMI), comorbidity (ASA and number of comorbidities), form of urinary diversion, EBL, and treatment location as significant factors. These specific findings are in line with prior reports and demonstrate that these key predictors are robust across a highly diverse set of patients managed by very distinct care pathways [22] [23] [24] . While some factors, such as diversion type, are likely simply markers of patient age and comorbidity (i.e. confounding by indication), factors such as BMI and comorbidity are likely to be causal in nature. Additionally, the decreased probability of major complications observed in the US cohort may be primarily related to differences in hospital volume [24] . This did not translate into significant differences in perioperative mortality between the two groups, however, implying that the ability to rescue patients from these complications was comparable [25] .
It is also important to note the substantially higher rate of thromboembolic complications in the US in this study (4.7% vs. 0.3%). This is particularly notable in light of the standard use of perioperative subcutaneous heparin during most of the study period in the US but not in Japan. While contemporary RC series demonstrate that the incidence ranges from 2.9% to7.4% in the US [26, 27] , Japanese cohorts have previously been shown to have low rates of thromboembolic events, ranging from 0.3% to 0.5% [1, 28] . Similarly, the annual incidence of venous thromboembolism in the US is estimated at 70 to 120 events per 100,000 people compared to 16 to 17 events per 100,000 persons in Asia [29, 30] . Interestingly, Singhal et al. recently reported that Asians and Caucasians demonstrate different hemostatic responses to surgery, at least in part due to differences in baseline levels of clotting factors [30] . While we are unable to tease out the factors behind the discrepancy in thromboembolic complications observed here, these data suggest that baseline risk likely drive the occurrence of thromboembolic events to a much greater extent than perioperative prophylactic measures.
The present study has important limitations that must be considered. Given the retrospective design, we were unable to identify or control for the variations in clinical pathways and postoperative monitoring resulting from the heterogeneous clinical pathways among the Japanese institutes, as well as potential differences in data acquisition. Complications may be charted more completely in Japan as patients are in the hospital for a much longer period compared to the US. Perioperative standards, including surgical approaches, were not equally distributed between the two countries during the study period, and there were significant differences in patient baseline characteristics. Unfortunately, some important information relevant to morbidity and mortality was not available for analysis in our current study, including length of antibiotic use, time to oral diet, length of surgery, frailty score, and discharge disposition. In addition, there were significant differences in surgical volume between the US and Japanese institutions, which may explain some important differences in post-operative outcomes. Last, a single high volume center in the US was compared with 21 centers in Hokkaido. Including other lower volume US centers could result in different baseline and surgical characteristics and offer additional insights into differences in practice patterns between the US and Japan. However, we believe that our cohort includes representative patient populations from all of the participating institutions, facilitating the unique findings identified here. We believe that these data present a meaningful opportunity for continued quality improvement leveraging international differences in patterns of care.
We identified considerable differences in the management of patients undergoing RC in the US compared to Japan, most notably the administration of neoadjuvant chemotherapy, surgical approach, and length of hospital stay. Despite these differences in patient care as well as the marked differences in baseline characteristics between the two groups, postoperative mortality rates were similar. This suggests that efforts to further drive down peri-operative mortality following this complex procedure will require new and innovative management approaches.
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